Heavy metals can cause disastrous effects on any living organisms. Probiotics have the ability to reduce metal toxicity. Bioremediation of polluted waters using these bacteria could be an alternative to conventional remediation methods. The aim of this study was to isolate and characterize heavy metal resistant probiotics. Soil samples were collected for the isolation of probiotics. Morphological, biochemical, and molecular characterization was performed for the isolates. In addition, a preliminary heavy metal minimum inhibitory concentration test was done followed by atomic absorption spectrometry (AAS) analysis analysis. Four Enterococci (BT1, BT2, MC1, and MC2) and Bacillus acidiproducens (SM1 and SM2) were isolated. Moreover, all the isolates demonstrated probiotic characteristics. BT1 and BT2 were able to tolerate mercury (Hg), cadmium (Cd), lead (Pb), and chromium (Cr) but they demonstrated poor Hg removal abilities (0.75-1.42%). MC1 and MC2 isolates could grow in medium supplemented with Cd, Pb, and Cr, respectively. MC1 showed the highest level of Pb removal (43.00% ± 0.776%) and Cd removal (46.19% ± 7.651%) from broth media. Yet, SM1 and SM2 isolates tolerated only Pb and Cr. SM2 had the ability to remove the highest amount of Cr (43.06% ± 7.991%). These reasonable heavy metal removal abilities could be further studied for efficient use in bioremediation.
INTRODUCTION
Heavy metals can be defined as a group of forty elements with a density higher than 5 g/cm 3 [1] . Man has been using heavy metals for ages and their use, for industrial purposes, is still predominant in the developing world. However, many of these countries are facing destructive consequences. Heavy metals can cause disastrous effects on all living organisms as well as on the environment. They are said to be hazardous due to their toxicity even at low concentrations. Examples of heavy metals are mercury (Hg), arsenic, cadmium (Cd), Lead (Pb), chromium (Cr), Zinc (Zn), and copper (Cu). Furthermore, heavy metals are nonbiodegradable so they remain in the environment and biological systems.
Some heavy metals occur naturally in ecosystems at very low concentration. Nevertheless, they can enter aquatic environment through natural and anthropogenic sources. These contaminants may easily dissolve in waters, and they tend to bioaccumulate in different aquatic organisms. A majority of the world population depend on aquatic ecosystems for food supply. Humans are mainly exposed to metal toxicity by ingestion of contaminated food and water. For these reasons, heavy metal pollution in aquatic systems is becoming a serious threat.
The aquatic environment in Mauritius is mainly affected by heavy metals contamination arising from industrial wastes and contaminated sewage wastewater [2] . Furthermore, it was reported that regions close to Grand River North West were contaminated with Cu, Pb, and Zn emerging from vehicles dust and galvanized signs or other equipment found on roads nearby [3] . species possess several desirable characteristics that can be exploited to benefit human beings as well as the environment.
Lactic acid bacteria are mainly Gram-positive and can be categorized as probiotics. The term lactic acid bacteria are retained for the most important genera in the order Lactobacillales including Lactobacillus, Leuconostoc, Pediococcus, Lactococcus, Streptococcus, Enterococcus, Weissela, and Bifidobacterium [4] . Studies have demonstrated that some strains of lactic acid bacteria were able to reduce the absorption of toxic substances by the gastrointestinal tract [5] . The use of lactic acid bacteria in remediation processes has shown to be effective. Previous studies performed praised the use of lactic acid bacteria in the remediation of heavy metal-contaminated water [6] . Moreover, some of these bacterial species are able to bind to heavy metals due to specific structures found on their cell wall. Their cell wall is made up of peptidoglycan, teichoic, and lipoteichoic acid structures, an S-layer, in some species, and neutral polysaccharides. The teichoic acid structures, the cell wall polysaccharides, and the exopolysaccharides allow adhesion to macromolecules [7] . The aim of this study was to isolate and identify heavy metals resistant probiotics, mainly lactic acid bacteria, from three different metal polluted soils in Mauritius and to determine the absorbing or binding potential of the isolates to four different heavy metals, namely, Cd, Cr, Pb, and Hg.
MATERIALS AND METHODS

Sample collection
Soil samples were collected from three metal polluted sites in Mauritius as shown in Table 1 . The samples were aseptically placed into sterile corning tubes and transported to the laboratory for further analysis.
Methods
Preparation of mother sample and serial dilution
About 1 g of soil was measured using an electronic balance. The sample was then transferred into 99 ml of sterile physiological saline (0.85%). A cotton plug was inserted at the top of the flask, and its content was mixed for about 5 min. Serial dilution was then performed.
Inoculation on Man, Rosa, and Sharpe (MRS) medium
The mother sample and the dilutions were plated onto MRS agar (HiMedia, M641) using the spread plate method. The plates were then labeled, sealed with parafilm, and incubated at 37°C for 48 h.
Selection of isolates
In all, six colonies were chosen (two from each soil sample plated), namely, BT1, BT2, MC1, MC2, SM1, and SM2. The six colonies were streaked separately on MRS agar (HiMedia, M641) and incubated at 37°C. Sub-culturing was performed twice, on the same medium, to obtain pure cultures. They were then used for further analysis.
Morphological Characterization
The morphology of the six isolates was recorded in tabular form. The following characteristics were assessed: Form, size, surface, texture, color, elevation, and margin.
In addition, staining procedures and tests were performed with the six isolates, namely, Gram staining, acid-fast staining, endospore staining, capsule staining, and bacterial motility test.
Biochemical Characterization
Catalase test
A drop of hydrogen peroxide was placed onto the specimen on a slide. The presence of immediate effervescence was recorded.
Oxidase test
The specimen was streaked onto oxidase strips (Oxoid, MB0266). Any color change to purple within 10-15 s was recorded.
Methyl red test
The isolate was cultured in MR-VP medium (Oxoid, CM0043). Then, 8 drops of methyl red were added to it. Any color change was observed and noted.
Voges-Proskauer test
The isolate was grown in MR-VP medium (Oxoid, CM0043). 12 drops of alpha-naphthol and 6 drops of potassium hydroxide were added to the culture. The tube was vortexed and left to the open air for 20 min. Any color change was observed and noted.
Starch digestion test
The isolate was cultured on starch agar (HiMedia, M107S). After an incubation of 7 days at 37°C, for bacterial growth, the plate was flooded with iodine solution. The observation was made and recorded.
Carbohydrate fermentation test
Nutrient broth (Acumedia, 7146) with phenol red indicator was prepared and supplemented with 1% of glucose, lactose, maltose, and fructose, respectively. The isolate was cultured in the different media. After 7 days of incubation at 37°C, for bacterial growth, any color change or gas formation was observed and recorded.
Growth on bile esculin azide agar
The isolate was streaked onto bile esculin azide agar (HiMedia, M493) and was incubated at 37°C for 24 h. Growth and color of medium were recorded following the incubation period.
Probiotic Characterization
Acid tolerance assay
The isolate was inoculated in MRS broth (HiMedia, M369) and incubated at 37°C for 24 h. 1 ml of the broth culture was inoculated in MRS broth (control) and acidified MRS broth (pH 3), respectively. An initial absorbance reading was immediately taken at 600 nm using a light spectrophotometer (JENWAY, 7305). Sterile MRS broth was used as a blank. Absorbance readings were then taken after 24 h. This assay was performed in triplicate. The percentage survival was calculated as follows: 
Bile tolerance assay
This assay was performed as described by Arihara et al. [8] with slight modifications concerning the concentrations of bile salts. The isolate was grown in MRS broth (HiMedia, M369) without bile salts at 37°C for 24 h. The optical density of the broth was then adjusted to OD600 = 0.1. A loopful of culture broth was streaked onto MRS agar (Oxoid, CM1153) supplemented with bile salt (Oxoid, LP0055J) at different concentrations (1000, 2000, 3000, and 4000 ppm), respectively. The plates were incubated at 37°C for 48 h. Bacterial growth was then assessed as good (++), poor (+), or no growth (−). This assay was performed in triplicate.
Antibiotic resistance assay
The isolate was grown in MRS broth (HiMedia, M369) at 37°C for 24 h. The optical density of the tube was then adjusted to OD600 = 0.1. 1 ml of culture broth was spread onto MRS agar (Oxoid, CM1153). Antibiotic discs were then placed on the prepared MRS agar plates, which were then incubated at 37°C for 24 h. The following antibiotic disks (oxoid) were used: Nalidixic acid (30 µg), streptomycin (25 µg), chloramphenicol (50 µg), ampicillin (25 µg), and tetracycline (30 µg). After incubation, antibiotic resistance was assessed by measuring the diameter of the clear zone around the disks, in millimeters. This assay was performed in triplicate.
Antibacterial activity assay
Disk diffusion method
The isolate was grown in MRS broth (HiMedia, M369) at 37°C for 24 h. The optical density of the culture was then adjusted to OD600 = 0.1. Escherichia coli (ATCC 25922) and Staphylococcus aureus (ATCC 29213) were used as indicator strains and were grown in nutrient broth (Acumedia, 7146) for 48 h. The optical density of each culture was adjusted to OD600 = 0.1. The indicator strains were then spread onto nutrient agar (Acumedia, 7145). Paper disks were then impregnated with the culture of isolate and placed onto the nutrient agar previously prepared. Ampicillin disk (oxoid -25 µg) was used as positive control, and sterile MRS broth was used as negative control. The plates were then incubated at 37°C for 24 h. This assay was performed in triplicate.
The antibacterial activity was calculated as follows:
Antibacterial activity = Diameter of inhibition zone −Diameter of paper disk
Agar spot method
The isolate was grown in MRS broth (HiMedia, M369) for 24 h at 37°C. The optical density of the broth culture was then adjusted to OD600 = 0.1. 2 µl of the culture broth was inoculated onto nutrient agar (Acumedia, 7145). The plates were allowed to dry at room temperature for half an hour and were then incubated at 37°C for 18 h. Chloramphenicol (10 mg/ml) was spotted on the plates to act as a positive control. E. coli (ATCC 25922) and S. aureus (ATCC 29213) were used as indicator strains and were grown in nutrient broth (Acumedia, 7146) for 24 h. The optical density of each culture tube was then adjusted to OD600 = 0.1. Afterward, a set of previously prepared plates were overlaid with a layer (7 ml) of soft nutrient agar supplemented with 1 ml of E. coli culture broth and the other set of plates were overlaid with a layer (7 ml) of soft nutrient agar supplemented with 1 ml of S. aureus (ATCC 29213) culture broth. The soft media were then allowed to set and the plates were incubated at 37°C for 48 h. Antibacterial activity was assessed by measuring the diameter of clear zones in millimeters. This assay was performed in duplicate.
Lactic acid production assay
This assay is a modified method described by Fortina et al. [9] . The isolate was grown in MRS broth (HiMedia, M369) at 37°C for 24 h. The optical density of the tube was then adjusted to OD600 = 0.1. 3 ml of the broth culture was inoculated in 30 ml of MRS broth supplemented with 4.5 ml of 1% glucose (pH 5.5). The flask was then incubated in a temperature controlled shaker at 37°C for 72 h. 10 ml of the culture broth was then transferred into a conical flask. 1 ml of phenolphthalein indicator (0.5% in 5% ethanol) was added to the flask. This mixture was titrated against 1 M NaOH. The titratable acidity was calculated as lactic acid % W/V. Each milliliter of 1 N NaOH is equivalent to 90.08 mg of lactic acid [10] . This assay was performed in duplicate.
Hydrophobicity assay: Microbial adhesion to hydrocarbon
This assay is a modified protocol proposed by Nwanyanwu and Abu [11] . The isolate was inoculated in 5 ml of MRS broth (HiMedia, M369) and incubated at 37°Cfor 24 h. The broth was then centrifuged at 3000 rpm for 10 min to pellet the cells. The pellet was then washed and suspended in 2.5 ml of Ringer's solution (6.5 g NaCl, 0.42 g KCl, 0.25 g CaCl 2 , 0.2 g NaHCO 3 , and 1000 ml of distilled water). An initial absorbance was read at 600 nm. 500 µl of xylene was then added and the tube was incubated at 44°C for 10 min. The content of the tube was then vortexed for 1 min and the two phases were allowed to separate for 1 h. Afterward, the absorbance of the lower aqueous phase (final absorbance) was read at 600 nm. The percentage of hydrophobicity was calculated using the following equation:
This assay was performed in triplicate.
Molecular Characterization
DNA extraction
Four DNA extraction protocols were performed with the six isolates, respectively. They are as follows: 1. Protocol A: Method described by Cheng and Jiang [12] 2. Protocol B: Boiling Method described by Abdulla [13] 3. Protocol C: Method described by Moore et al. [14] 4. Protocol D: Method described by De et al. [15] . The PCR conditions were as follows an initial denaturation step at 94°C for 3 min, followed by 30 cycles of denaturation at 95°C for 1 min, annealing at 55°C for 1 min and extension at 72°C for 1 min, and ending with a final extension at 72°C for 10 min. To visualize the amplicons, a 1.5% agarose gel was run.
Polymerase chain reaction (PCR) amplification
DNA sequencing and sequence analysis
18 µl of each PCR products were sent to Xcelris Labs Limited (India) for DNA purification and DNA sequencing. The sequences obtained were first processed with Bioedit and MEGA 7 software. Sequence analysis then followed using the BLAST algorithm.
Heavy Metal Tolerance Assays
Determination of minimum inhibitory concentration (MIC)
This qualitative assay was done as a preliminary test to assess heavy metal tolerance of the specimens. The isolate was grown in MRS broth (HiMedia, M369), without heavy metals at 37°C for 24 h. After incubation, the optical density of the broth culture was adjusted to OD600 = 0.1 using a light spectrophotometer (JENWAY, 7305). A loopful of the broth culture was then aseptically streaked onto MRS agar (HiMedia, M641) supplemented with different heavy metals (Hg, Cr, Cd, and Pb), respectively, at different concentration (10, 20, 30, 40 , and 50 ppm). The plates were then incubated at 37°C for 48 h. Single colonies or trace of growth was ignored. The lowest concentration of heavy metals that caused growth inhibition was recorded as the MIC. This assay was performed in triplicate.
Heavy metal analysis by atomic absorption spectroscopy
The isolate was grown in 10 ml of MRS broth (HiMedia, M369) for 24 h at 37°C. The optical density of the culture broth was adjusted to OD600 = 1. 1 ml of the bacterial suspension was then inoculated in MRS broth supplemented with 10 ppm of the heavy metals (Hg, Cd, Cr, and Pb), respectively. The suspension was then incubated at 37°C for 72 h. The broth was then centrifuged at 3000 rpm for 20 min.
The supernatant was used for the analysis of heavy metals removal by flame atomic absorption spectroscopy (for Cd, Cr, and Pb) and cold vapor method (for Hg). This assay was performed in triplicate. The heavy metal removal efficiency was calculated as percentage removal using the equation below:
% Removal = (Decrease in HM concentration ÷ Initial HM concentration) × 100
Where, HM represents heavy metal.
Statistical Analysis
All the raw data obtained during this study were processed and statistically analyzed. One-way ANOVA, two-sample t-test or Tukey's grouping tests were performed using Minitab Express software.
RESULTS AND DISCUSSION
By assessing the morphology of the six isolates on MRS medium, it was observed that isolate BT1, BT2, MC1, and MC2 shared similar colony characteristics. On the other hand, distinct colony morphologies were observed with SM1 and SM2 isolates. Microscopic characterization revealed that isolate BT1 and BT2 were cocci in shape, MC1 and MC2 were ovoid, and SM1 and SM2 were rod-shaped. In addition, all the isolates were Gram-positive, nonfastidious, nonspore-forming, noncapsulated, and nonmotile. The results of the various biochemical tests are presented in Table 2 .
More than 50% of each isolate were able to survive in acidic conditions (pH 3) as shown in Fig. 1 . MC1 isolate showed the highest level of tolerance (86.15% ± 7.944%), whereas isolate SM2 had the lowest mean survival percentage (63.74% ± 10.89%). Over 80% of the Enterococcus species (BT1, BT2, MC1, and MC2) and 60% of the Bacillus isolates (SM1 and SM2) were able to survive at pH 3 after 24 h.
These results are supported by previous studies performed that demonstrated some strains of Bacillus [16] , Enterococcus faecium [17] , and other Enterococcus species [18] were able to survive in an environment of pH 3. Many bacterial species have the ability to grow in acidic conditions due to different types of acid resistance mechanisms. Enterococcus and Bacillus are able to tolerate such acidic conditions due to intrinsic mechanisms.
BT1, BT2, MC1, and MC2 were tolerant to all the different concentrations of bile salts (1000-4000 ppm) (Table 3 ). Nevertheless, SM1 and SM2 showed poor growth on the MRS agar medium supplemented with 3000 ppm and 4000 ppm of bile salts. A decrease in colony size was also observed with these two bacteria. The Enterococcus species showed a higher level of bile tolerance compared to SM1 and SM2 isolates. The results obtained during this protocol were in accordance to the previous studies performed [17, [19] [20] [21] . Not much work has been reported concerning bile tolerance within Bacillus acidiproducens. However, specific strains of Bacillus are known to tolerate up to 0.5% of bile salts in media [22] . Specific bacteria tolerate bile through intrinsic mechanisms. Several Enterococcus species are speculated to have the ability to tolerate bile through a process known as deconjugation. This process occurs mainly in the small intestine and involves the action of bile salt hydrolase enzymes. These enzymes are both present in Gram-negative and Gram-positive bacteria. The six isolates were resistant to 30 µg of nalidixic acid. Previous studies have shown that 105 strains of Enterococcus and certain specific strains of Bacillus are resistant to this antibiotic [23] .
In addition, it was observed that streptomycin (25 µg) did have an inhibitory effect on the growth of BT2, MC2, and SM1 isolates, with a respective inhibition zone of 0.67 ± 1.155, 2.00 ± 2.000, and 3.33 ± 3.055 mm. However, no inhibition zone was obtained against isolates BT1, MC1, and SM2.
All the isolates showed susceptibility to tetracycline (30 µg) and chloramphenicol (50 µg). Chloramphenicol and tetracycline are considered as macrolides and aminoglycosides, respectively. These molecules mainly bind to ribosomes and alter their function. Tetracycline had the highest inhibitory effect on all the isolates. In turn, the highest level of tetracycline activity was observed with isolate SM1 with an inhibition zone of 30.00 ± 2.000 mm, and the lowest activity was observed with MC1 (15.33 ± 6.429 mm). Similarly, chloramphenicol had a highest inhibitory effect on SM1 (20.00 ± 4.000 mm), and MC1 showed the highest resistance level with an inhibition zone of 10.67 ± 4.163 mm.
Moreover, all the isolates were susceptible to ampicillin (25 µg) with inhibition zones ranging from 12 to 26 mm. The results gathered during the experiment were in concordance with other studies [24] . However, most Enterococci are said to be resistant to ampicillin [25] . It was not the case in this study. BT1, BT2, MC1, and MC2 were susceptible to 25 µg of ampicillin.
In general, SM1 was the most susceptible bacteria against all the antibiotics, except nalidixic acid, whereas MC1 showed better resistance against the antibiotics compared to the five other bacteria. The results of one-way ANOVA analysis showed that tetracycline had different effects on the isolates (P < 0.05). Grouping by Tukey's method also demonstrated that tetracycline had a greater inhibitory effect on SM1 compared to the other isolates. On the other hand, chloramphenicol, streptomycin, and ampicillin did not have contrasting effects on the growth of the bacteria separately (P > 0.05).
Two antibacterial activity assays were performed. The six bacterial strains did not express any antibacterial activity against both E. coli (ATCC 25922) and S. aureus (ATCC 29213) with both protocols. During a previous study performed, it was demonstrated that several Bacillus species did not have any inhibitory effect on S. aureus [26] . This is in accordance with the results obtained with isolates SM1 and SM2 against the same indicator strain. On the other hand, another study demonstrated that while using the cell-free supernatant method, Bacillus species had an inhibitory effect on the growth of S. aureus [27] . It has been also reported that Bacillus subtilis [28] and E. faecium [29] inhibited the growth of E. coli. Furthermore, the ultrafiltered concentrate of the cell-free culture of B. subtilis showed inhibitory effects against E. coli [30] . In both protocols, the culture broth was taken to test antibacterial activity. Cell-free supernatant methods could be used for more accurate results.
BT2 produced the highest amount of lactic acid (54.27 ± 6.053 mg/ ml), and in contrast, SM1 produced 33.78 ± 1.911 mg of lactic acid per ml which was the lowest amount recorded. In addition, lactic acid production from the other isolates ranged from 45 to 50 mg/ml. The six isolates produced approximately similar amounts of lactic acid (P > 0.05). A comparative study was performed with different species of Enterococcus to determine the ones producing a higher amount of lactic acid. E. faecium and Enterococcus faecalis produced greater amount of lactic acid [31] . It has also been reported that B. acidiproducens also produce lactic acid [32] .
Cell surface hydrophobicity was performed using xylene as solvent. The isolates demonstrated a moderate level of cell surface hydrophobicity (>30%). The highest percentage of cell surface hydrophobicity was recorded with isolate MC2 (33.38% ± 4.700%). MC1, in turn, showed the lowest level of cell surface hydrophobicity (10.79% ± 8.046%). The other specimens (BT1, BT2, SM1, and SM2) had cell surface hydrophobicity ranging from 15 to 27.35%. According to one-way ANOVA analysis, the difference in means was not significant (P > 0.05). Cell surface hydrophobicity is essential to the bacteria for adhesion to hydrocarbons [33] . This property could be useful in many beneficial processes such as degradation of hydrocarbon pollutants [34] . Certain Gram-positive bacteria have the ability to fluctuate their cell surface hydrophobicity depending on their surrounding environment [35] . Cell surface hydrophobicity is somehow related to different proteins and other biological molecules, such as lipoteichoic acid, found with the cell wall and cell membranes of bacteria. Fig. 2 illustrates the electrophoresis gel images obtained with the four protocols. Protocol A was successful for only two isolates, namely, SM1 and SM2 and their respective DNA purity obtained, 1.72 ± 0.130 and 1.84 ± 0.145, was rather of high quality. A two-sample t-test was performed using the results obtained with Protocol A. The analysis revealed that there were no significant differences between the mean DNA purity (P > 0.05). DNA extraction of all the isolates was successful with Protocol C and Protocol D. It was found that Protocol D yielded DNA of better purity, ranging from 1.63 to 1.82 compared to Protocol C which extracted DNA of purity varying from 1.19 to 1.78.
The highest amount of DNA extracted from isolate BT1, BT2, and SM1 was obtained with Protocol C. Still, highest quantity of DNA extracted from specimen MC1 and MC2 was observed when using Protocol D, and Protocol A yielded the highest amount of DNA from isolate SM2. Statistical analysis performed (two-sample t-test for Protocol A and one-way ANOVA for Protocol C and D, respectively) concluded that first, there were no statistical differences between the mean DNA yield of SM1 and SM2 obtained with Protocol A (P > 0.05) and that there were no significant differences between the mean DNA yields of all the isolates, obtained with Protocol C and Protocol D, respectively (P > 0.05). Fig. 3 illustrates the amplified DNA on an electrophoresis gel. The length of the six amplicons was about 1500 base pairs. DNA sequences were analyzed using the BLAST algorithm. BT2 was characterized as being relatively close to E. faecium. Furthermore, SM1 and SM2 shared 99% homology with the bacteria B. acidiproducens. However, some morphological and biochemical characteristics of this bacterium do not coincide with the results obtained with both isolates. This may have been due to various stresses imposed on the isolates such as temperature shocks or lack of specific nutrients within the media. On the other hand, BT1 shared 99% homology with Enterococcus hirae, Enterococcus durans, Enterococcus thailandicus, E. faecium, and Enterococcus lactis. The sequences expressing 99% homology with BT1 were retrieved from the NCBI database. They were then aligned with the BT1 sequence using MEGA 7 software and ClustalW alignment. A neighbor-joining tree was generated to determine the closest relative of the isolate. Unfortunately, BT1 was considered as the outgroup in the tree (Fig. 4) . 16S rRNA sequences of bacteria found in the order of Lactobacillales were therefore retrieved from the NCBI database to generate a maximum parsimony tree (Fig. 5 ).
Species of Bifidobacterium were used as outgroup. The phylogeny was tested using the bootstrap method. After analysis, BT1 is said to be more closely related to E. faecium and E. lactis. Similar analysis was performed with isolate MC1 who shared 99% homology with the five Enterococcus species, namely, E. faecium, E. lactis, E. durans, E. thailandicus, and E. hirae. A most parsimonious tree was generated ( Fig. 6 ) with the aligned sequences and using Enterococcus mundtii and Enterococcus sulfureus as outgroup. The tree revealed that the MC1 is closely related to E. hirae compared to the other species. MC2 shared homology (99%) with six species of Enterococcus. A most parsimonious tree generated was generated. The tree revealed that its closest relative was E. hirae (Fig. 7) . One of the main drawbacks of 16S rRNA sequencing is that, in some cases, it fails to identify specific species within a genus. The 16S rRNA gene is well conserved and shows little diversity among bacteria of the same genus. The following case happened while analyzing the DNA sequences of BT1, MC1, and MC2 isolates. The genus of the isolates was identified as being part of the Enterococcus genus. Neither the species nor the strain could be differentiated.
Determination of the MIC of heavy metals was evaluated as a preliminary test to identify the metal tolerant specimens. Table 4 summarizes the MIC of the four heavy metals tested against the growth of the isolates. Bacteria that showed no growth on MRS medium supplemented with 10 ppm of any heavy metals were considered as intolerant. Table 5 summarizes the deductions made after the test. The outcome of the preliminary heavy metal tolerance test revealed that the Enterococci species, BT1 and BT2, were tolerant to the four heavy metals tested in this study. They were able to grow in media supplemented with more than 10 ppm of mercuric, Cd, Pb, and Cr compounds separately. MC1 and MC2, characterized as being closely related to E. hirae, were able to sustain Pb, Cr, and Cd in their environment. Moreover, finally, the two B. acidiproducens isolate (SM1 and SM2) mainly grew in medium containing only Cr or Pb. They were highly susceptible to the other metal tested in this study. Not much information is available on the metal resistance ability of B. acidiproducens. Moreover, E. hirae is mainly known to possess Cu resistance through intrinsic mechanisms or encoded on genes or plasmids. Resistance to other heavy metals has not been fully reported. Advanced molecular techniques should be used to identify the specific mechanism involved in heavy metal tolerance and resistance within each isolate. In general, bacteria have adapted to toxic metals in their surrounding environment. There are five main mechanisms of heavy metal resistance within bacteria, namely, efflux mechanisms, extracellular barriers, extracellular sequestration, intracellular sequestration, and reduction of metal ions. In addition, some bacterial strains have specific heavy metal tolerant or resistant genes encoded either in their genomes or on plasmids [36] .
BT1 and BT2 demonstrated poor Hg removal abilities with a mean ranging from 0.75% to 1.42% (Table 6 ). Their differences in mean percentage removal were not significant (P > 0.05). They both have been characterized as being a part of the Enterococcus genus. A molecular study reported the Hg resistance ability of several Enterococcus species. Moreover, researchers have discussed and compared the similarity between Hg resistance genes within Staphylococcus and Enterococcus species in the same study. They have stated the involvement of specific enzymes in Hg resistance of these microorganisms [37] .
The Cr metal removal efficiency was calculated as percentage removal, and the results are shown in Table 6 . The results obtained revealed that all the isolates were able to remove Cr from the broth medium. On average, SM2 had the ability to remove the highest amount of Cr (43.06% ± 7.991%). Moreover, the Cr removal efficiency of the five other bacterial species ranged from 33.78% to 41.13%. The differences between the mean percentage removals of the six isolates were not significant (P > 0.05). The tolerant characteristics of Enterococcus casseliflavus have been previously evaluated by researchers, and the outcome of this study revealed that the bacteria were tolerant to a Cr level of 800 µg/ml [38] . Moreover, it has been reported that some Bacillus species are able to tolerate up to 100mg/ml of Cr within their culture media [39] . In another study, Bacillus circulans MN1 tolerated a Cr concentration of 1110 mg/L [40] . These are in concordance with the results obtained in this study. There are two main mechanisms involved in Cr resistance within bacteria, namely, biotransformation of Cr (VI) into a less toxic form (Cr [III]), under specific conditions, and biosorption where the bacteria absorb the pollutant in its biomass [41] . In specific cases, hexavalent Cr serves as the terminal electron acceptor in the respiratory process of certain bacteria. This mechanism will indeed detoxify Cr (VI) while providing energy for bacterial cell growth [42] .
Cd analysis by flame AAS was performed with the Cd tolerant isolates, namely, BT1, BT2, MC1, and MC2. The raw data obtained were processed and are tabulated in Table 6 . MC1 was able to remove the highest amount of Cd from the culture medium (46.19% ± 7.651%). It was closely followed by BT1 which showed good removal abilities by eliminating 45.57% ± 13.918% of Cd found in the MRS broth. The two other isolates, BT2 and MC2, were also capable of removing 33.82% ± 10.891% and 31.55% ± 2.955% of Cd, respectively. The differences between the mean removals of Cd by the six specimens were not significant (P > 0.05). The Enterococci (BT1, BT2, MC1, and MC2) were able to tolerate Cd compounds within their growth medium. In a previous study performed, it was reported that three strains of E. faecium were resistant to Cd sulfate. They were able to grow in the presence of up to 70 mg/L of Cd in their environment [43] . Furthermore, E. faecalis exhibit a high level of natural resistance against Cd in their environment [44] . There are two main genes involved in Cd resistance, namely, cadA and cadC [45] . CadA codes for a Cd efflux ATPase and cadC are said to be a transcriptional regulatory protein and a repressor of the cad operon [46] . In the presence of Cd ions, the repressor detaches itself from the DNA molecule, thus, allowing the transcription of the operon [47] . (Table 6 ). Following an analysis of variance, it was found that the differences between the means were significant (P < 0.05). Grouping by Tukey's method also confirms the fact that MC1 removed the highest level of Pb from the broth medium compared to the other isolates. Studies have shown that several Enterococcus strains were resistant to Pb compounds within their growth medium [48] . In addition, different Bacillus species have the ability to tolerate and resist this heavy metal [49] . For example, two strains of B. subtilis, OSTAM1 and OSTAM2, were able to grow in media containing up to 1000 µg/ml of Pb [50] . Many mechanisms are used by the bacteria to tolerate or resist Pb compounds. Limitation of metal movement across the cell wall is one mechanism used by the bacteria to prevent intoxication. The cell wall acts as a barrier against Pb ions. Especially in Gram-positive bacteria, Pb will bind to the peptidoglycan layer as well as the teichoic and teichuronic acids found on the cell wall [51] . Furthermore, bacteria may also produce extracellular polymers such as exopolysaccharide to which Pb will bind, therefore protecting the whole cell from heavy metal contamination [52] . A common mechanism used by Enterococcus and Bacillus species involved the use of P-type ATPase pumps which regulate the movement of metal ions across the cell membrane [53] .
CONCLUSION
Six bacteria were isolated from three different metal polluted soils in Mauritius. Their morphology and biochemical characteristics were assessed by the examination of colony morphology, staining procedures, and biochemical tests. Furthermore, 16S rRNA sequencing and sequence analysis were performed to fully identify the different microorganisms. Four of the isolated bacteria formed part of the Enterococcus family, and the two other isolates were characterized as B. acidiproducens. Moreover, these isolates were subjected to various assays to assess their probiotic characteristics. All of them were acid and bile tolerant. Furthermore, they were able to produce a considerable amount of lactic acid by metabolizing glucose. Their cell wall surface hydrophobicity was also assessed and was considered as moderately hydrophobic. Similar antibiotic susceptibility profiles were observed during this study. However, none of the isolates exerted any antibacterial activity against the two tested indicator strains.
Moreover, the six bacteria were subjected to several tests to assess their tolerance to different heavy metals at different concentrations. BT1 and BT2 were able to tolerate Hg, Cd, Pb, and Cr. MC1 and MC2 isolates could grow in MRS medium supplemented with Cd, Pb, and Cr. Yet, SM1 and SM2 isolates tolerated only Pb and Cr. Advanced analysis was then performed using a flame AAS and the cold vapor method to determine the heavy metal removal efficiency of the six bacteria. All the isolates showed reasonable removal efficiencies of the heavy metals. It can be concluded that the bacterial isolates could remediate metal toxicity within a broth culture. Advanced in vitro and in vivo tests should be performed to fully assess the efficiency of the bacteria to remediate heavy metal pollution in nature.
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